aser beam. For the t r a n s i e n t , the nonl i near i ti es associated t o the var i at i o n s of the thermal c o n d u c t i v i t y are t r e a t e d e x a c t l y and those due t o the v a r i a t i o n s o f the s p e c i f i c heat a d i a b a t i c a l l y .
The i n f l u e n c e o f the absorpt i o n c o e f f i c i e n t , and the shape o f the l a s e r beam are treated. For a l l the cases considered, the r e s u l t s are i n a n a l y t i c a l form.
Midway between the continuous regime and the very fast, far from equilibrium, regime, t h e t r a n s i e n t s i n C W l a s e r heating o f semiconductors address two problems o f n o t iceable importance : a fundamental one concerning phase t r a n s i t i o n s for intermediate time scales and a technological one concerning laser processing o f materials. I n t h a t respect, a r e l i a b l e knowledge o f the actual temperature r i s e i s i n order. Measurements are d i f f i c u l t and exact computations cumbersome. T h i s paper deals w i t h the problem o f c a l c u l a t i n g the temperature r i s e w i t h an operational accuracy, and w i t h a formalism leading t o simple expressions. The basic idea i s the systematic use o f i n t e g r a l transforms for a1 1 s p a t i a l and temporal variables. That idea was pioneered by L a x l l / who presented general r e s u l t s for the s t a t i o n a r y case, l i n e a r and n o n l inear. By the l a t t e r , i t i s meant t h a t account i s made o f the v a r i a t i o n o f thermal c o e f f i c i e n t s w i t h the t r u e temperature, which w i l l be denoted hereafter b y T. I n the s t a t i o n a r y case, o n l y the thermal c o n d u c t i v i t y K(T) need be accounted for. The standard procedure i s t o perform a K i r c h h o f f transform on the nonlinear Fourier equation: through t h a t transform, the equation for T becomes a l i n e a r Fourier equat i o n for some v a r i a b l e 8 , then one solves for 0. F i n a l l y one has t o go back from t h e l i n e a r temperature r i s e o t o T, and t h a t i s done through a quadrature i n v o l v i n g K(T) only.
I n the t r a n s i e n t case, both v a r i a t i o n s of K(T) and t h e s p e c i f i c heat C(T) (or the d i f f u s i v i t y D(T) = K(T)/C(T)) have t o be included i n the c a l c u l a t i o n . S t r i c t l y speaking, the K i r c h h o f f transform i s no more v a l i d i n t h a t case. A novelty o f t h i s paper i s t o present how one can overcome t h a t d i f f i c u l t y and s t i l l e v e n t u a l l y exhib i t t r a c t a b l e a n a l y t i c a l r e s u l t s . Section I i s devoted t o a b r i e f review o f the model 12.' and a discussion o f the incidence o f C(T) on the t r a n s i e n t regime.
Sect i o n I1 presents some r e s u l t s for selected p r a c t i c a l cases. Cylindrical coordinates are then appropriate. The laser i s switched on a t t = O , so t h a t i t i s described in the time domain by the Heavyside step function H ( t ) . For the considered wavelength, the effective linear absorption coefficient i s a. The reduced quantities are utilized W=aro Z=z/zo and rl=K/Cr ,2 to obtain the nonlinear Fourier equation : submitted t o the i n i t i a l condition (2) T(t=O)=T, and the Neumann condition details and extensions are t o be reviewed in a forthcoming publication. Now, from room temperature throughout the solid phase regime the thermal conductivity for most semiconductors i s f a i r l y well f i t t e d by (5) K(T)=k/(T-T k) which shows that the major contribution to t h i s parameter comes from the phonon mean free path dependance /3/. This particular form allows the quadrature back to T t o be performed leading t o
The above expression would be exact i f C(T) were constant ; i t i s not. However, the diffusivity writes (7) D(T)=d/(T-Td) where the value of Td i s within a factor 2 from the value of T k . The variations of C(T) are then much smoother than those of K(T) and, t o f i r s t order, can be neglected. (In any case the stationary temperature i s independant of C ) . A further step along that line i s to replace selfconsistently C(T,) in (6) by C(T). I t so happens that the result, which i n the general case would present as an implicit equation for T can, in the specific case (6) and (7) be inverted, leading to :
instead of the validity of the result i s submitted to the validity of the adiabatic approximation, expressing that a t each moment, the time scale for the temperature change i s much shorter than the time scale for the variations of C(T) . While numerical analysis will be presented elsewhere, we sketch here the argument : (8) i s valid provided T -l a~/ a t < <~-l a~/ a t or T -1~3 T / a~< < 1 , which i s the case in most semiconductors. Some imp1 ications of that procedure are now described.
I1 -APPLICATIONS
W e recall briefly (Fig.1) one result concerning the maximum temperature r i s e for an i n f i n i t e absorption coefficient, in the conditions described in refl21. The influence of a on the stationary case i s sketched in Fig.2 , which i s basically the same curve described by Lax111 although derived from a different formalism, leading to different analytical expressions. I t results from t h i s curve that i t i s useless to correct for a as soon as W~1 0 .
Consider now two laser beams : gaussian and uniform, b u t with such intensities and beam radii that the total energy deposited on the one hand, the maximum temperature r i s e on the other hand are respectively identical . The radial dependance of the surface temperature in the case of i n f i n i t e aosorption i s drawn in fig.3 , showing up a smoother profile in the uniform laser case. Actually the curve represented here i s the mean value between two very simple analytical expressions respective1 y under and overestimating the exact formula. As can be seen, the difference between those two expressions i s a decreasing function of W.
JOURNAL DE PHYSIQUE
The i n f l u e n c e o f W on the t r a n s i e n t i s shown i n Fig As a conclusion f u r t h e r a p p l i c a t i o n s o f the method described i n a previous p u b l i c at i o n have been described. These a p p l i c a t i o n s are s t i l l thoroughly described simply and a n a l y t i c a l l y .
